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Although the pressure gradient in aortic coarctation can 
usually be obtained by comparison of upper and lower 
limb blood pressures measured by sphygmomanometry, 
some patients may have upper or lower limb arterial 
compromise as a result of prior procedures or anomalous 
origin of the subclavian arteries, either of which may 
preclude accurate gradient measurement. To determine 
whether Doppler echocardiography could predict the 
pressure gradient, the Doppler method was used to pre-
dict transcoarctation gradients in 35 studies and the data 
were compared with the gradients measured at cathe-
terization. Jet velocities were not adequately obtained 
by Doppler recording in three neonates with coarctation 
and patent ductus arteriosus, leaving 32 studies for anal-
ysis. The mean age of the study patients was 6 ± 5.8 
years. 
The mean Doppler-estimated gradient, calculated us-
Although the pressure gradient in aortic coarctation can 
usually be obtained by comparison of upper and lower limb 
blood pressures measured by sphygmomanometry, some 
patients may have upper or lower limb arterial compromise 
as a result of prior procedures or anomalous origin of the 
subclavian arteries, which may preclude accurate measure-
ment of the gradient. Doppler echocardiography has been 
validated at cardiac catheterization for estimation of pressure 
drops across discrete obstructions (1-8). Because the ob-
struction in coarctation also appears to be discrete, Doppler 
echocardiography should predict the pressure drop. To test 
this possibility, a prospective study was designed to deter-
mine whether Doppler echocardiography could accurately 
estimate the pressure drop in aortic coarctation as assessed 
by the pressure measurement obtained at catheterization. 
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ing only jet velocities distal to the obstruction (V 2) in the 
modified Bernoulli equation, was 44 ± 17 mm Hg, and 
the mean catheterization gradient was 36 ± 21 mm Hg 
(p = NS; r = 0.91, SEE = 7.0 mm Hg; slope = 0.75, 
Y = 17.3 mm Hg). The mean Doppler-estimated gradient 
using both the pre- and postcoarctation velocities (V I 
and V 2) in the modified Bernoulli equation (n = 26) was 
36 ± 20 mm Hg, and the mean catheterization gradient 
was 36 ± 21 mm Hg (p = NS; r = 0.98, SEE = 4.2 
mm Hg; slope = 0.91, Y = 2.8 mm Hg). Doppler echo-
cardiography closely estimated the pressure gradient in 
aortic coarctation, and estimation of the gradient im-
proved when the velocities proximal as well as distal to 
the obstruction were included in the modified Bernoulli 
equation. 
(J Am Coil Cardiol1986;7:1379-85) 
Methods 
Study patients. Thirty-one patients with the diagnosis 
of aortic coarctation who underwent cardiac catheterization 
at the University of Arizona between September 1983 and 
April 1985 were prospectively enrolled in the study. Pres-
sure drop estimation was unsuccessful in three neonates with 
coarctation and a patent ductus arteriosus. Four of the re-
maining 28 patients had coarctation pressure measurements 
both before balloon dilation angioplasty and at follow-up 
catheterization, resulting in a total of 32 successful studies. 
Doppler pressure drop was estimated without knowledge of 
pressure measurements obtained at catheterization. Twenty-
nine of the 35 Doppler studies were performed either at 
catheterization or 24 hours before catheterization. Three 
Doppler examinations were performed within 7 days, and 
the remaining three within 30, 60 and 90 days of catheter-
ization. Some patients required sedation with chloral hydrate 
(50 to 75 mg/kg body weight) for optimal Doppler exam-
ination. 
Doppler examination. Nonimaging continuous wave 
Doppler equipment (lrex I1IB) was used in the initial phase 
of the study to obtain maximal postcoarctation jet velocities. 
This allowed measurement of peak velocities of 7 mls or 
0735-1097/86/$3.50 
1380 MARX AND ALLEN 
DOPPLER PRESSURE GRADIENT IN AORTIC COARCT A TlON 
'. '-
, ":. ; ... 
COARCTATION 
4.0 m/ •• c 
'.: . 
IPEX 2» DOPPLER CONTINUOUS MODE 
Figure 1. Continuous wave Doppler tracing from the suprasternal 
notch in aortic coarctation. V 2 = maximal transcoarctation velocities. 
Figure 2. Pulsed wave Doppler tracings from the suprasternal 
notch interrogating ascending aortic and precoarctation (V tl and 
postcoarctation (V 2) velocities searching for the area of a jet dis-
turbance. The lower right panel is the continuous wave Doppler 
trace of the postcoarctation jet velocities. 
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higher. The Doppler transducer was positioned in the su-
prasternal notch and aligned with flow until the highest 
velocities were obtained. This was aided by listening for a 
clear, high-pitched, audio signal. Waveforms were consid-
ered acceptable for gradient measurement when the highest 
velocities were concentrated on the perimeter of the time 
velocity envelope for a minimum of three or more beats 
(Fig. 1). 
Problems with Doppler gradient overestimation occurred 
early in the study. Therefore. measurement of velocities 
proximal (V,) and distal (V 2) to the obstruction were re-
corded in the second phase of the study. Suprasternal notch 
interrogation was performed with a 25° off-axis 3.5 MHz 
transducer (Biosound-Honeywell) to image the area of aortic 
coarctation. Pulsed Doppler velocities were carefully mapped 
in the ascending aorta and precoarctation and postcoarcta-
tion sites in an effort to locate the area of a jet disturbance 
that indicated the site of obstruction (Fig. 2). This system 
allowed measurement of velocities up to 4.5 mls at 6 cm, 
and 2.7 mls at 10 cm. Postcoarctation jet velocities were 
then measured by continuous wave Doppler recording, to 
ensure measurement of maximal pressure drop. The prox-
imal velocities (V,) were measured within the major wave-
form as a concentration of systolic velocities of lower mag-
nitude in eight of the studies in which optimal Doppler 
studies were obtained. as previously described by Hatle and 
Angelsen (9) (Fig. 3). 
Doppler pressure drop calculation. Only the post-
coarctation jet velocities measured by the continuous wave 
Doppler method were used in the modified Bernoulli equa-
tion in the initial phase of the study as: P, - P2 = 4(V~), 
PRE-COARCTATION 
TRANI-COARCTATION 
II""""" 
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Figure 3. Continuous wave Doppler tracing in aortic 
coarctation. VI = precoarctation velocities; V2 
maximal transcoarctation velocities. 
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where PI - P2 = coarctation pressure gradient in milli-
meters of mercury, and V 2 = postcoarctation jet velocities 
in meters per second. Both the pre- and postcoarctation 
velocities were incorporated into the modified Bernoulli 
equation in the second phase of the study as: PI - P2 = 
4(V~ - VT), where V 2 = postcoarctation jet velocities in 
meters per second, and V I = precoarctation velocities in 
meters per second. 
Catheterization pressure gradient measurement. 
Pressure measurements were obtained at cardiac catheter-
ization using fluid-filled catheters coupled to Gould trans-
ducers. The pullback peak to peak pressure gradient across 
the coarctation site was compared with the Doppler-esti-
mated gradient. The simultaneous peak to peak pressure 
gradient was also measured in 13 studies where the de-
scending aortic pressure was measured through a femoral 
artery sheath and the ascending aortic pressure was mea-
sured through a catheter one French size smaller than the 
sheath. Catheter and sheath pressures were simultaneously 
verified with the catheter in the descending aorta. 
Statistics. Doppler-estimated coarctation gradients were 
compared with peak to peak gradients measured at cathe-
terization in all patients using paired t testing and correlation 
analysis. 
Results 
Patient data (Table 1). Postcoarctation jet velocities 
were successfully obtained in 32 of the 35 studies. Jet ve-
locities were not adequately obtained in three neonates who 
had severe coarctation and a patent ductus arteriosus. Their 
data were excluded from further analysis, leaving 28 patients 
whose age at the time of study ranged from 6 days to 20 
years (mean 6 ± 5.8 years), Seventeen studies were per-
formed in patients who had an operation for coarctation. 
and 4 studies were performed in patients who had an op-
eration and balloon dilation angioplasty. Seven patients had 
a nonstenotic bicuspid aortic valve, 13 had aortic valve 
stenosis with a gradient of 5 to 30 mm Hg, 4 had a ven-
tricular septal defect and 5 had mitral valve abnormalities 
(mitral valve arcade in 3 and parachute mitral valve in 2), 
Comparison of Doppler and catheterization pressure 
drops. In the early phase of the study, only velocities distal 
to the coarctation (V 2) were incorporated into the modified 
Bernoulli equation (Cases I to 6). Doppler-estimated gra-
dients ranged from 29 to 64 mm Hg (mean 51 ± 13). 
Catheterization-measured gradients ranged from 10 to 60 
mm Hg (mean 34 ± 22) (p = NS). 
In all 32 studies, when only velocities distal to the ob-
struction were incorporated into the Bernoulli equation, 
Doppler-estimated gradients ranged from 16 to 100 mm Hg 
(mean 44 ± 17) and catheterization gradients ranged from 
7 to 96 mm Hg (mean 36 ± 21) (p = NS; r = 0.91, SEE 
= 7.0 mm Hg: slope = 0.75, Y = 17.3 mm Hg) (Fig. 4). 
In the second phase, when studies that incorporated both 
pre- and postcoarctation velocities (V I and V 2) were com-
pared (Cases 7 to 32), Doppler-estimated gradients ranged 
from 8 to 95 mm Hg (mean 36 ± 20), and catheterization-
measured gradients ranged from 7 to 96 mm Hg (mean 36 
± 21) (p = NS, r = 0.98, SEE = 4.2 mm Hg; slope = 
0.91, Y = 2.8 mm Hg) (Fig. 5). If the precoarctation ve-
locities had not been included in the Bernoulli equation in 
Cases 7 to 32, the Doppler-estimated gradients would have 
ranged from 16 to 100 mm Hg (mean 43 ± 18) and cath-
eterization-measured gradients would have ranged from 7 
to 96 mm Hg (mean 36 ± 21) (r = 0.96, SEE = 6.1; 
slope = 0.81. Y = 13.4 mm Hg). 
False positive diagnosis. Initially, false positive con-
tinuous wave Doppler jet velocities consistent with those 
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Table 1. Summary of 32 Studies 
Study No. Age at Time of Study VI (m/s) 
3.5 yr 
2 20.0 yr 
3 5.8 yr 
4 7 mo 
5 2.6 yr 
6 17 yr 
7 8.4 yr 0.9 
8 1.5 yr 0.8 
9 3 mo 1.2 
10 8.5 yr 1.3 
II 4.3 yr 1.0 
12 0.5 mo 0.8 
13 4 mo 1.4 
14 3.2 yr 1.0 
15 4.0 yr 2.0 
16 II mo 1.0 
17 3 yr 0.8 
18 19 yr 1.0 
19 8 yr 1.2 
20 8 yr 1.2 
21 2 yr 1.7 
22 14 yr 1.2 
23 1.7 yr 1.0 
24 0.2 mo 0.5 
25 7.5 yr 1.7 
26 14 yr 1.0 
27 14.5 yr 1.2 
28 1.6 yr 2.4 
29 II yr 1.0 
30 6.6 yr 2.0 
31 7.8 yr 1.2 
32 4.0 yr 1.4 
Doppler* 
Gradient 
V2 (m/s) (mm Hg) 
3.3 45 
3.5 49 
2.7 29 
4.0 64 
4.0 64 
3.6 52 
3.5 45 
2.9 31 
5.0 95 
2.8 24 
3.7 51 
3.7 54 
4.0 54 
3.8 54 
2.5 9 
3.0 32 
3.4 44 
3.0 32 
4.0 58 
3.2 35 
3.0 24 
2.0 10 
3.2 37 
2.4 22 
2.5 13 
2.6 23 
2.7 24 
2.8 8 
3.2 37 
2.6 II 
4.0 58 
3.6 44 
Catheter 
Gradient* 
(mmHg) 
20 
40 
10 
60 
60 
15 
50 
34 
96 
22 
50 
50 
60 
64 
10 
40 
40 
33 
60 
32 
26 
10 
36 
20 
10 
25 
23 
9 
25 
7 
60 
50 
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Postcoarctation 
Repair 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
++ 
+ 
++ 
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+ 
+ 
+ 
++ 
++ 
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*Gradients in Cases I to 6 calculated as 4 (V~) and gradients in Cases 7 to 32 calculated as 4 (V1 - Vi); V I = velocities proximal to the obstruction; 
V 2 = velocities distal to the obstruction; + = repair; + + = repair and balloon dilation angioplasty. 
found with aortic coarctation were encountered in five pa-
tients. These included two patients with a patent ductus 
arteriosus, one with aortic stenosis and severe stenosis at 
the origin of the left subclavian artery, one with pulmonary 
stenosis (Fig. 6) and one 18 month old infant with severe 
peripheral pulmonary stenosis, aortic valve stenosis and a 
small transverse aortic arch. Subsequent pulsed wave Dop-
pler aortic examination correctly ruled out the diagnosis of 
aortic coarctation. 
Discussion 
The major finding of this study is that Doppler echo-
cardiography closely estimates pressure gradients in aortic 
coarctation. Estimation of the pressure drop improves when 
the velocities proximal to the obstruction are included in 
the Bernoulli equation. Potential errors could occur when 
the nonimaging continuous wave Doppler method is used 
Figure 4. Regression analysis comparing Doppler-estimated 
coarctation gradient (y axis), calculated using only the postcoarc-
tation jet velocities [4(V2)], with that measured at catheterization 
(CATH). All values are in millimeters of mercury. 
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Figure 5. Regression analysis comparing Doppler-estimated 
coarctation gradient (y axis), calculated using both pre- and 
postcoarctation velocities [4(V~ - Vm, with that measured at 
catheterization (CATH). All values are in millimeters of mercury. 
in patients with congenital cardiac malformations which 
produce jet velocities in the area of coarctation, 
Improved results using precoarctation velocities in the 
Bernoulli equation. A good correlation was found when 
the Doppler-estimated gradients using only the peak post-
coarctation jet velocities (V 2) were compared with cathe-
terization gradients. This is similar to results reported by 
Wyse et al. (10), who compared the continuous wave Dop-
pler-estimated gradient derived from using distal peak ve-
locities with the pressure difference measured by cuff sphyg-
momanometry. 
When Doppler-estimated gradients in this study were 
derived from both precoarctation (V I) and postcoarctation 
(V 2) velocities, an even closer correlation with catheteriza-
tion data was found. Additionally, the line of identity had 
a lower y intercept and the slope more closely approximated 
Figure 6. Continuous wave Doppler 
tracings from the suprasternal notch in 
valvular pulmonary stenosis. Tracings to 
the left are velocities from the ascending 
aorta (ASC AO). As the transducer was 
rotated posteriorly and to the patient's left, 
a jet velocity that extends across the pul-
monary outflow tract (pS Jet) and into the 
left pulmonary artery was found, which 
could be mistaken for coarctation. 
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unity. Exclusion of the proximal velocities can result in 
Doppler gradient overestimation, especially when the gra-
dient is small, Increased proximal velocities in aortic coarc-
tation may be due either to increased runoff from a dilated 
ascending aorta or to high cardiac output states (9). Veloc-
ities proximal to the obstruction should be incorporated into 
the equation for calculation of the pressure drop, especially 
when the proximal velocities exceed I mJs or when gradients 
are low, or both. 
The preobstruction velocity (V I) was not evident within 
the continuous wave tracing in all patients. Early in the 
study, we did not appreciate that optimizing the gain setting 
and properly allocating the gray scale of the Doppler time-
velocity envelope were important for depicting the proximal 
velocities. Therefore, the proximal velocities were not ob-
tained in the first six patients. However, in patients with 
long-standing severe coarctation, collateral circulation ve-
locities within the Doppler tracing obscured delineation of 
the proximal velocities, even when the gain setting and gray 
scale were optimized. In these patients, the proximal ve-
locities were measured under direct visualization using the 
pulsed Doppler method. 
Proximal velocities were not apparent in the same con-
tinuous wave Doppler tracing in some patients, even when 
the peak velocities were concentrated on the perimeter of 
the time-velocity envelope. In severe coarctation, the jet 
velocity can be eccentric, and in a direction different from 
that of the velocities proximal to the obstruction. This pre-
cluded the ability to simultaneously visualize the precoarc-
tation and peak jet velocities in the same Doppler tracing. 
Although not all Doppler studies were performed si-
multaneously at catheterization, the time difference did not 
significantly affect the coarctation gradients measured by 
both techniques. A prerequisite for adequate Doppler study 
was that the patient be in a quiet and cooperative state, 
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similar to that needed for cardiac catheterization. This re-
quired sedation with chloral hydrate in some patients. 
Problems of comparing an instantaneous with a peak 
to peak pressure drop. In this study, we compared Dop-
pler-estimated maximal instantaneous coarctation gradients 
with peak to peak gradients measured at cardiac catheter-
ization. Some reports (11,12) have shown that the Doppler-
estimated gradient exceeds the peak to peak gradient mea-
sured at cardiac catheterization in aortic stenosis. We re-
viewed all catheterization pressure tracings in which si-
multaneous ascending and descending aortic pressures were 
measured to determine whether the same phenomenon oc-
curred in coarctation. Several factors in our catheterization 
studies precluded delineation of an accurate point in time 
during which maximal instantaneous measurements could 
be obtained. These included the normal temporal phase shift 
between pressures in the upper and lower limbs which was 
enhanced in coarctation of the aorta. Second, the use of 
fluid-filled systems of different caliber, length and position 
in the ascending and the descending aorta did not allow 
accurate simultaneous pressure measurement. Finally, col-
lateral flow around the coarctation probably introduces fur-
ther inaccuracies in instantaneous pressure measurement. 
Comparison of the catheterization peak to peak gradient with 
the Doppler-estimated maximal instantaneous gradient may 
explain the overestimation by the Doppler method in Pa-
tients I and 6. 
Inability to measure jet velocity in neonates with 
coarctation. Adequate postcoarctation jet velocities were 
not obtained in three neonates who had associated patent 
ductus arteriosus. Wyse et al. (10) described two neonates 
in whom Doppler tracings considerably underestimated the 
gradient. They thought their difficulties may have been due 
to encroachment of the lung preventing the ultrasound beam 
from insonating the highest jet velocities. The open ductus 
itself may have an effect on development of jet velocities. 
Whatever the cause of underestimation, gradient estimation 
in this group must be approached with caution. 
Potential misdiagnosis with the nonimaging Doppler 
method. Early in the study, five false positive diagnoses 
for aortic coarctation could have been made. These could 
have occurred because of the presence of high velocities 
noted when the nonimaging continuous wave Doppler method 
was directed into the left posterior chest. Each of the lesions 
created a jet velocity in the same general location as those 
found with coarctation. When the aortic arch was carefully 
mapped by pulsed Doppler recording under direct visual-
ization, false positive diagnoses for coarctation were ruled 
out. 
We emphasize a complete echographic imaging and pulsed 
Doppler examination of intracardiac structures and great 
vessels to exclude lesions that can be confused with aortic 
coarctation before using the non imaging continuous wave 
Doppler method. The aortic arch should be imaged for an-
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atomic evidence of a coarctation, simultaneously searching 
for pulsed Doppler recording for an increase in velocities 
consistent with an obstruction. This allows for measurement 
of the pre obstruction velocities. Continuous wave Doppler 
recording from the suprasternal notch is then used to mea-
sure the maximal jet velocities. The small transducer allows 
easy placement in the suprasternal notch and rotation of the 
Doppler beam in multiple directions. The wider beam width 
of the continuous wave Doppler method aids in proper in-
terrogation of the eccentric jet velocities. Attention to the 
gain settings and proper gray scale allocation allow for easier 
identification of the concentration of the peak velocities on 
the perimeter of the time velocity envelope, ensuring ade-
quate peak velocity measurement. 
Conclusion. Doppler echocardiography closely esti-
mates the pressure drop in aortic coarctation. Accuracy im-
proves when the precoarctation velocities are included in 
the modified Bernoulli equation. False positive diagnoses 
may occur in certain conditions when the nonimaging con-
tinuous wave Doppler method is used; however, this can be 
avoided by first carefully interrogating the aortic arch with 
pulsed Doppler recording under direct visualization. Dop-
pler echocardiography provides a reliable technique to non-
invasively assess and track the coarctation pressure drop. 
This provides an alternative way to measure the coarctation 
gradient, especially in patients with upper or lower limb 
arterial compromise, or both, either from prior surgical pro-
cedures or congenital anomalies. 
We thank Stanley J. Goldberg, MD for help In preparatIOn of this manu-
scnpt. and Cheryl CzaplIcki for help with typIng and editIng the manu-
scnpt 
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